Background Although smoking remains uncommon among Korean women, lung cancer mortality is rapidly escalating.
Methods
We investigated the effects of spousal smoking in 160 130 Korean women, aged 40-88, who received health insurance from the Korea Medical Insurance Corporation (KMIC). Exposure data were collected during medical examinations conducted between April 1992 and June 1994. The primary outcome variable was the incidence of lung cancer defined by hospital admissions between July 1994 and December 1997. Standardized rates for the incidence of lung cancer were assessed according to the smoking habits of their husbands.
Results
At baseline (n = 160 130), 53.9% of husbands were smokers and 23.3% were ex-smokers, while 1.1% of wives (n = 1756) were current smokers and 0.6% (n = 938) were ex-smokers. During follow-up, 79 cases of lung cancer occurred among non-smoking wives (n = 157 436). Wives of heavy smokers were found to have a higher risk of developing lung cancer. The husbands' smoking habits did not affect their wives' risk of developing other cancers such as those of the stomach, liver and cervix, but they did affect breast cancer, which has a significantly higher risk in relation to the longer duration of husbands' smoking. In Poission regression models, adjusting for the age of both husband and wife, socioeconomic status, occupation, residency and vegetable intake, the rate ratio (RR) of lung cancer in non-smoking wives was 1.9 (95% CI : 1.0-3.5) in current smokers and 1.3 (95% CI : 0.6-2.7) in ex-smokers. The RR of lung cancer was 3.1 (95% CI : 1.4-6.6) in wives of husbands who had smoked for 30 years or more compared with wives of non-smoking husbands.
Conclusion
In Korea, the incidence of lung cancer is higher among non-smoking women whose husbands smoke, and a dose-response relationship seems to exist.
Materials and Methods
The (Figure 1 ).
Data collection
The KMIC biennial examinations are conducted in a standardized fashion by medical staff at local hospitals. In 1992, examinations were conducted at 416 hospitals. A questionnaire was given to each participant 3-4 days before examination. 9 In the 1992 and 1994 questionnaire for insured workers, and in the 1993 questionnaire for dependants, participants were asked to describe their smoking habits (including the number of cigarettes smoked per day and the duration of cigarette smoking in years), along with other health habits, including vegetable consumption and alcohol drinking. The completed questionnaires were reviewed and edited by trained staff. All Korean people have a unique 13-digit identification number that identifies their hospital admissions. Also, KMIC has a computerized system for managing discharge data that doctors submitted to KMIC for reimbursement of medical care services. Using data collected in the 1992 examinations, men were classified as current smokers if they had been smoking for at least one year, non-smokers if they had never smoked, and ex-smokers if they had once smoked but had quit. Smoking data in 1994 were used as a validation check on smoking status. If the duration and amount smoked were reported for both 1992 and 1994, averages of those reports were used for final analysis. If a non-smoker in 1992 became a current smoker in 1994, we checked the duration of smoking and classified him as non-smoker in cases of short duration (Ͻ1 year). Current smokers were further classified by the average number of cigarettes smoked per day (1-19 and у20 cigarettes/day) and the duration of smoking (1-29 and у30 years). We used the medical care premium as a proxy variable for socioeconomic status because the premium was calculated based on income. Occupations of husbands were classified as blue and white collar. Blue collar was defined as technical and daily jobs with low incomes. Residency was classified as rural or urban. Wives were grouped into three broad vegetable consumption categories based on self-reported diet habits: low, moderate and high intake.
Lung cancer occurrence (ICD-9, 162) was ascertained from diagnosis on discharge summaries. For those individuals with more than one discharge event, we used the first event (onset) in our analysis. The follow-up period was from July 1994 to December 1997.
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Statistical analysis
Standardized morbidity rates for lung cancer among nonsmoking women calculated by smoking habits of husbands. Direct standardization was employed to obtain age-adjusted rates per 100 000 person-years of observation by 5-year age intervals, using the age distribution of the 1995 Korean census as the standard. In univariate analysis, ordinal variables were tested individually for risk trends across categories. A Poisson regression model was used to assess the independent relationship between smoking and lung cancer, controlling for other risk factors.
Results
Among 160 130 spouses, 53.9% of husbands were current smokers and 23.3% were ex-smokers, while 1.1% of wives (n = 1756) were current smokers and 0.6% (n = 938) were exsmokers. A total of 79 cases of lung cancer in 157 436 nonsmoking wives were recorded during 3.5 years of follow-up (July 1994 to December 1997).
Age-adjusted morbidity rates for lung cancer were 4.4/ 100 000 person-years when husbands were non-smokers, 6.5 when husbands were ex-smokers, and 12.5 when husbands were current smokers (Table 1) . Compared with wives of nonsmoking husbands, the wives of husbands who had smoked for у30 years had 230% increased morbidity after adjusting for the age of husbands and wives (age-adjusted rate ratio [RR] = 3.3, 95% CI : 1.6-7.0). In terms of the amount of husbands' smoking, wives whose husbands smoked у20 cigarettes/day seemed to have an increased risk for lung cancer (age-adjusted RR = 1.6, 95% CI : 0.8-3.5), however tests for trend were not statistically significant, probably because of the small number of cases. Other characteristics of husbands, such as occupation, alcohol and vegetable consumption, did not affect morbidity from lung cancer in their wives. The RR of discharge from lung cancer were 1.0 and 1.4 (95% CI : 0.8-2.6), respectively, when husbands' occupations were white collar or blue collar. Common characteristics of wives, such as socioeconomic status and residency were not associated with wives' morbidity from lung cancer.
The independent effects of smoking on lung cancer were examined in Poisson regression models that simultaneously controlled for the age of husbands and wives, socioeconomic status, residency, occupation, and vegetable consumption. Compared with wives of non-smoking husbands, the RR for developing lung cancer in non-smoking wives were 1.9 (95% CI : 1.0-3.5) in current smokers and 1.3 (95% CI : 0.6-2.7) in ex-smokers. Compared with wives of non-smoking husbands, the wives of husbands who had smoked for у30 years had an increased risk of lung cancer (RR = 3.1, 95% CI : 1.4-6.6).
The husbands' smoking habits seemed to have no effect on their wives' risk of developing other major cancers, such as cancers of the cervix (n = 203), stomach (n = 197), and liver (n = 83), but they did affect breast cancer (n = 138). The risk of developing emphysema and asthma (n = 142) also seemed to be higher among the wives of smokers, and the effect was statistically borderline significant for ex-smokers (P = 0.08), but not for current smokers (P = 0.33) ( Table 2 ). Compared to nonsmoking husbands, there was an increased risk of breast cancer among the wives of current smokers (Ͼ30 years) (RR = 1.7, 95% CI : 1.0-2.8, P = 0.035) (data not shown).
Discussion
In a population where smoking is uncommon among women, this prospective, observational study demonstrated that husbands' smoking was an independent risk factor in their wives' lung cancer. Compared to non-smokers, the RR of developing lung cancer in non-smoking wives were 1.9 (95% CI : 1.0-3.5) in smokers and 1.3 (95% CI : 0.6-2.7) in ex-smokers. Continued exposure (Ͼ30 years) to their husbands' smoking increased morbidity from lung cancer in non-smoking wives up to about threefold.
The fact that there was a statistically significant dose-response relationship between the duration of husbands' smoking and their wives' morbidity from lung cancer suggests that these findings were not chance results. Instead, they indicated that the duration of smoking among smokers is a more predictable indicator for exposure to passive smoke than the amount smoked. We found that smoking was the only characteristic of husbands which affected their wives' morbidity from lung cancer. This result was similar to Hirayama's study. 10 To determine whether such an effect was limited to lung cancer, a similar analysis was conducted with other causes of morbidity. In relation to breast cancer, it might be prevalentincident bias. One way to overcome this bias was to perform analysis using past history of smoking (i.e. duration of smoking). We found the risk of developing breast cancer by duration of husband's smoking (Ͼ30 years) was significant. Although there was a relation between husbands' smoking habits and morbidity from breast cancer in their wives, the effect of passive smoking was strongest for lung cancer. Passive smoking did not seem to increase the risk of developing cancer of the stomach, cervix or liver.
The evidence on passive smoking and respiratory health was recently reviewed by the USEPA (1992) 3 and Wu (1997) 4 . This review confirmed that environmental tobacco smoke (ETS) is causally-linked to lung cancer. The present findings tend to be in general agreement with previous studies. [10] [11] [12] In Hirayama's study, the RR of developing lung cancer was 2.0 for current smokers, which is quite similar to the RR of 1.9 (95% CI : 1.0-3.5) for current smokers in this study. In other studies, the corresponding RR were 1.6 (P Ͻ 0.01) for Sandler (1985) , 11 1.5 (95% CI : 0.8-2.8) for Dalager (1986) 12 and 1.5 (P Ͻ 0.05) for Zaridzw (1998). 13 However, Hirayama's (1981) study 10 used a multi-centre prospective design, which did not provide for the duration effect of husbands' smoking. As well, the studies of Sandler (1985) 11 and Dalager (1986) 12 used a case-control design, which did not provide the best opportunity for determining whether a relationship existed. Therefore, when we interpreted the results from case-control studies, we had to be concerned about whether an association was true or due to the misclassification of smoking habits. 14 Even prospective studies could be influenced by such misclassification bias. However, it is unlikely that this prospective, observational study was affected by relevant biases because exposure, including smoking habits, was questioned in husbands and wives independently. Because of the low prevalence of smoking among Korean women, we could not determine the risk association between lung cancer and smoking in women.
The strengths of this study included high follow-up rates, large sample size, and repeated measures of smoking habits, leading to high precision of the exposure estimates. To increase the generality of the study results, nationwide representative data sets were used.
The potential limitations of the study included the relatively brief duration of follow-up, inclusion of individuals with prevalent lung cancer in the cohort, and reliance on diagnoses from discharge summaries. Although the duration of follow-up in our analyses was just 3.5 years, the large size of the cohort (Ͼ150 000 participants) provided sufficient statistical power, even in subgroup and dose-response analyses. The inclusion of people with antecedent lung cancer events could potentially lead to biased estimates. However, the impact of prevalent lung cancer was diminished because individuals who experienced cancers between June 1992 and June 1994, the years of baseline data collection, were excluded. Reliance on diagnoses from hospitalizations may have introduced random and systematic errors. Random error would tend to diminish the study's power to detect associations. Systematic error could alter the distribution of events and perhaps risk factor-disease relationships if the errors were related to exposure status. However, the consistency of our findings suggests that major systematic errors related to the coding of lung cancer were unlikely. In relation to the validity of diagnosis, most hospitals required pathological examination to confirm cancer diagnosis. One earlier study reported distribution of morphological types of non-smoking Korean women lung cancer patients: adenocarcinoma, 50.3%; squamous cell, 27.2%; small cell carcinoma, 11.3%; and other and mixed types, 11.2%. 15 HUSBANDS' SMOKING AND LUNG CANCER 827 Table 2 Rate ratios a (95% confidence interval) for selected causes of morbidity in women according to the smoking habits of husbands a Rate ratios were determined by Poisson regression after adjusting for the age of both husbands and wives, socioeconomic status, residency, husband's vegetable consumption, and husband's occupation.
Figure 2
Age-adjusted mortality for lung cancer in Korea (1983 Korea ( -1996 Finally, most KMIC enrollees might be a selection bias in the study population. KMIC workers tend to be middle-class individuals who may be healthier than the general population in Korea, possibly because of their education and employment status. Overall, the results from this cohort study should be relevant to other East Asian populations.
The age-adjusted mortality rates for lung cancer have been sharply increasing for both men and women in Korea (Figure 2) . 16 As only a small fraction of Korean women with lung cancer smoke cigarettes, the reasons for their mortality from lung cancer being comparable with men have remained unclear. This study appears to explain why mortality from lung cancer in Korean women is escalating, particularly among wives whose husbands smoke, even though the rate of women's smoking is negligible.
In conclusion, the results of this study indicate that the incidence of lung cancer is higher among non-smoking women whose husbands smoke, and a dose-response relationship seems to exist.
